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In This IssueHuman Enhancer Hunting Hits a Home Run
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A full understanding of gene function requires an appreciation of gene regulation, which involves enhancer modules usually
consisting of arrays of transcription factor binding sites. Hunting for enhancers based on sequence information, however,
remains a challenging task especially for complex genomes like those of mammals. Hallikas et al. developed novel exper-
imental and computational methods that enable genome-wide analysis of human enhancer elements and used their ap-
proach to identify a number of novel target genes regulated by several oncogenic signaling pathways. Their results repre-
sent a major advance in dissecting the regulatory code of gene expression in complex genomes.
Protein Folding Starts with ‘‘U’’
PAGE 61
Protein disulfide isomerase (PDI) is an essential and highly abundant enzyme that aids protein folding in the endoplasmic
reticulum. PDI plays a key role during disulfide bond formation by correcting and rearranging mispaired disulfides and thus
allowing proteins to adopt their native conformation. The crystal structure of yeast PDI, reported by Tian et al., reveals
a twisted ‘‘U’’ arrangement, with the active sites facing each other across the long sides of the ‘‘U.’’ The inside surface
of the ‘‘U’’ is enriched in hydrophobic residues, thereby facilitating interactions with misfolded proteins. This structure pro-
vides a framework for understanding how PDI catalyzes and rearranges disulfide bonds.
Pathogenic Proteins: The Great Pretenders
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Bacterial pathogens use a specialized ‘‘type III’’ secretion system to inject virulence
proteins into mammalian cells. Alto and coworkers identify a large group of such vir-
ulence factors in human pathogens, including Salmonella, Shigella, and E. coli, that
mimic host cell signaling molecules, known as small G proteins. Surprisingly, the
bacterial toxins and the eukaryotic small G proteins do not share any protein se-
quences or predicted secondary structures. This bacterial protein family is therefore
an unexpected example of pathogen proteins that mimic host proteins functionally
but not structurally.
Chaperone Networks: 1 for Bacteria, 2 for Eukaryotes
PAGE 75
Many eukaryotic proteins cannot fold properly when expressed in bacteria, suggesting fundamental differences between
the chaperone folding machineries in eukaryotes and bacteria. Molecular chaperones assist folding at two stages in the life
of a protein: upon synthesis by ribosomes and upon denaturation during environmental stress. Albane`se et al. find that un-
like bacteria, which employ the same chaperone system in both situations, eukaryotes evolved two distinct chaperone net-
works: one to fold newly made proteins and one to protect the cellular proteome during stress. The emergence of a chap-
erone network dedicated to de novo folding may have enabled the evolution of the larger and more complex proteins
characteristic of eukaryotic genomes.
Defining the Order of Degradation
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The anaphase-promoting complex (APC) controls progression through mitosis and G1 by ubiquitinating and degrading
cell-cycle regulators in a defined order. Rape et al. show that the processivity of ubiquitination by the APC is determined
by the substrate, and the degree of processivity specifies the order of degradation. Processive substrates, which can
obtain ubiquitin chains in a single APC binding event, are preferentially ubiquitinated in vitro and degraded earlier in vivo.
Deubiquitinating enzymes further amplify differences in processivity by preferentially targeting less processive substrates.
These results suggest that the order of degradation can be defined solely by the APC and its substrates and establish the
processivity of ubiquitination and deubiquitinating enzymes as key regulators of specific protein degradation.
Viral Proteins Grab and Go
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Cellular E3 ubiquitin ligases are frequently exploited by pathogenic viruses to ubiquitinate and degrade antiviral factors of
the host. Recent studies have shown that the V proteins of several paramyxoviruses can reprogram the cellular DDB1 E3
complex to induce rapid degradation of STATs, components of the antiviral interferon system. Li et al. present crystal struc-
tures of DDB1, alone and in complex with a V protein. The structures show that the V protein fits in the pocket formed be-
tween two DDB1 domains, ‘‘grabbing’’ the protein without disrupting its function. The results also provide a structural basis
for understanding the interactions between DDB1, a multifunctional protein, and its various cellular partners.Cell 124, 1–3, January 13, 2006 ª2006 Elsevier Inc. 1
How Did the Virus Cross the Epithelial Barrier?
PAGE 119
Many virusesmust cross the apical surface ofmucosal epithelia to cause infection, but virus receptors identified thus far are
often absent from this cellular region. The coxsackievirus receptor, for example, is buried within the intercellular tight junc-
tion, leaving unanswered the question of how this virus breaks the mucosal barrier. Coyne and Bergelson report that
coxsackievirus attaches to a secondary apical receptor, triggering Abl kinase signals that promote changes in the actin
cytoskeleton and result in virus delivery to the tight junction. The results illustrate the importance of kinase signaling for virus
entry and the elaborate mechanisms that viruses have evolved to cross the epithelial barrier.
Tolloid Gets Sizzled
PAGE 147
BMPs are key regulators of early embryonic patterning in vertebrate embryos. Their levels are regulated by several different
antagonists, including Chordin and the Frizzled-related protein Sizzled/Ogon, which is known to inhibit BMP by activating
Chordin. Lee et al. now show that Sizzled regulates Chordin activity indirectly by inhibiting its inhibitor—the Chordin-
proteinase Xlr. Xlr belongs to the Tolloid family of metalloproteinases, which serve various functions during development,
including regulation of the extracellular matrix. As Sizzled is the first natural inhibitor of Tolloids, the elucidation of its
biochemical function provides insight into the regulation of this important family of proteinases.
Ephrin-B2 Builds Better Blood Vessels
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Blood vessels are formed by a monolayer of endothelial cells but the recruitment of supporting vascular smooth muscle
cells is also required to form a stable vascular network. Foo et al. show that ephrin-B2, a ligand for Eph receptor tyrosine
kinases, is required for this process. Mice lacking ephrin-B2 in the muscle cells have vascularization defects and abnormal
association of muscle cells with blood vessels. In culture, ephrin-B2 controls focal adhesion formation andmigration of aor-
tic smooth muscle cells. Together the findings suggest that ephrin-B2 plays both cell-autonomous and nonautonomous
roles in mediating the interaction between muscle and endothelial during blood vessel formation.
Recruiting an Accomplice for Angiogenesis
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Emerging evidence suggests that myeloid cells derived from the bone marrow may contribute to postnatal angiogenesis,
but the nature and mechanisms of their recruitment have remained enigmatic. Grunewald et al. now show that the endo-
thelial growth factor VEGF is sufficient for the recruitment of these myeloid cells, and that SDF1, a chemokine induced by
VEGF, is required for their retention at angiogenic sites. The recruited cells enhance the proliferation of endothelial cells by
a VEGF-independent mechanism, thus promoting angiogenesis. These data highlight key steps in the adult neovasculari-
zation program that may point the way for new therapeutic interventions to either stimulate or inhibit angiogenesis.
Minimizing RISC as a Memory Mechanism
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The formation of a stable memory requires new protein synthesis. Of special in-
terest is protein synthesis localized to the synapse, which might underlie the
plasticity of synapses, neural circuits, and behavior. Ashraf et al. show that the
induction of long-term memory in Drosophila is accompanied by synaptic
mRNA transport and patterns of synaptic protein synthesis that have features
of memory specificity. The paper describes a mechanism for the formation of
memory, where the repression of synaptic protein synthesis and mRNA trans-
port is relieved by the degradation of an RNA interference (RISC) pathway com-
ponent.
p53 Bind-ome
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The ability to derive a whole-genome map of transcription factor binding sites (TFBS) is crucial for elucidating gene regu-
latory networks. Wei et al. developed a robust approach that couples chromatin immunoprecipitation (ChIP) with paired-
end ditag (PET) sequencing for unbiased and precise whole-genome localization of TFBS. Using this approach, they
generated a global map of p53 TFBS in the human genome and discovered many previously unidentified p53 targets,
suggesting novel functions for p53. Some of the new targets appear to be clinically relevant to p53-dependent tumorigen-
esis in primary cancer samples. This ChIP-PET strategy is readily applicable to any transcription factor of any sequenced
genome.Cell 124, 1–3, January 13, 2006 ª2006 Elsevier Inc. 3
